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[0079] 2,6-Bis[N-(1-naphthyl)-N-(2-naphthy-
D)amino Jnaphthalene

[0080] N,N,N'N'-Tetra(2-naphthyl)-4,4"-diamino-p-
terphenyl

[0081] 4,4'-Bis {N-phenyl-N-[4-(1-naphthyl)-phe-
nyl]amino } biphenyl

[0082] 4,4'-Bis[N-phenyl-N-(2-pyrenyl)amino Jbi-
phenyl

[0083] 2,6-Bis[N,N-di(2-naphthyl)amine]fluorene

[0084] 1,5-Bis[N-(1-naphthyl)-N-phenylamino]
naphthalene

[0085] 4,4',4"-tris[(3-methylphenyl)phenylamino]
triphenylamine

[0086] Another class of useful hole-transporting materials
includes polycyclic aromatic compounds as described in EP
1 009 041. Tertiary aromatic amines with more than two
amine groups may be used including oligomeric materials.
In addition, polymeric hole-transporting materials can be
used such as poly(N-vinylcarbazole) (PVK), poly-
thiophenes, polypyrrole, polyaniline, and copolymers such
as poly(3,4-ethylenedioxythiophene)/poly(4-styrene-
sulfonate) also called PEDOT/PSS.

[0087] Light-Emitting Layer (LEL)

[0088] As more fully described in U.S. Pat. No. 4,769,292
and 5,935,721, the light-emitting layer (LEL) 109 of the
organic EL element includes a luminescent or fluorescent
material where electroluminescence is produced as a result
of electron-hole pair recombination in this region. The
light-emitting layer can be comprised of a single material,
but more commonly consists of a host material doped with
a guest compound or compounds where light emission
comes primarily from the dopant and can be of any color.
The host materials in the light-emitting layer can be an
electron-transporting material, as defined below, a hole-
transporting material, as defined above, or another material
or combination of materials that support hole-electron
recombination. The dopant is usually chosen from highly
fluorescent dyes, but phosphorescent compounds, e.g., tran-
sition metal complexes as described in WO 98/55561, WO
00/18851, WO 00/57676, and WO 00/70655 are also useful.
Dopants are typically coated as 0.01 to 10% by weight into
the host material. Polymeric materials such as polyfluorenes
and polyvinylarylenes (e.g., poly(p-phenylenevinylene),
PPV) can also be used as the host material. In this case, small
molecule dopants can be molecularly dispersed into the
polymeric host, or the dopant could be added by copoly-
merizing a minor constituent into the host polymer.

[0089] An important relationship for choosing a dye as a
dopant is a comparison of the bandgap potential which is
defined as the energy difference between the highest occu-
pied molecular orbital and the lowest unoccupied molecular
orbital of the molecule. For efficient energy transfer from the
host to the dopant molecule, a necessary condition is that the
band gap of the dopant is smaller than that of the host
material. For phosphorescent emitters it is also important
that the host triplet energy level of the host be high enough
to enable energy transfer from host to dopant.

[0090] Host and emitting molecules known to be of use
include, but are not limited to, those disclosed in U.S. Pat.
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Nos. 4,768,292; 5,141,671; 5,150,006; 5,151,629; 5,405,
700; 5,484,922; 5.593,788; 5,645,948; 5,683,823; 5,755,
999; 5,928,802; 5,935,720; 5,935,721; and 6,020,078.

[0091] Metal complexes of 8-hydroxyquinoline (oxine)
and similar derivatives constitute one class of useful host
compounds capable of supporting electroluminescence.
Ilustrative of useful chelated oxinoid compounds are the
following:

[0092] CO-1: Aluminum trisoxine [alias, tris(8-
quinolinolato)aluminum(IIT)]

[0093] CO-2: Magnesium bisoxine [alias, bis(8-
quinolinolato)magnesium(II)]

[0094] CO-3: Bis[benzo{f}-8-quinolinolato]zinc (II)

[0095] CO-4: Bis(2-methyl-8-quinolinolato)alumi-
num(IIT)-u-oxo-bis(2-methyl-8-quinolinolato) — alu-
minum(IIT)

[0096] CO-5: Indium trisoxine [alias, tris(8-quinoli-
nolato)indium]

[0097] CO-6: Aluminum tris(5-methyloxine) [alias,
tris(5-methyl-8-quinolinolato) aluminum(IIT)]

[0098] CO-7: Lithium oxine [alias, (8-quinolinola-
to)lithium(T)]

[0099] CO-8: Gallium oxine [alias, tris(8-quinolino-
lato)gallium(IIT)]

[0100] CO-9: Zirconium oxine [alias, tetra(8-quino-
linolato)zirconium(IV)]

[0101] Other classes of useful host materials include, but
are not limited to: derivatives of anthracene, such as 9,10-
di-(2-naphthyl)anthracene and derivatives thereof as
described in U.S. Pat. No. 5,935,721, distyrylarylene deriva-
tives as described in U.S. Pat. No. 5,121,029, and benzazole
derivatives, for example, 2, 2', 2"-(1,3,5-phenylene)tris[ 1-
phenyl-1H-benzimidazole]. Carbazole derivatives are par-
ticularly useful hosts for phosphorescent emitters.

[0102] Useful fluorescent dopants include, but are not
limited to, derivatives of anthracene, tetracene, xanthene,
perylene, rubrene, coumarin, rhodamine, and quinacridone,
dicyanomethylenepyran compounds, thiopyran compounds,
polymethine compounds, pyrilium and thiapyrilium com-
pounds, fluorene derivatives, periflanthene derivatives, inde-
noperylene derivatives, bis(azinyl)amine boron compounds,
bis(azinyl)methane compounds, and carbostyryl com-
pounds.

[0103] Electron-Transporting Layer (ETL)

[0104] Preferred thin film-forming materials for use in
forming the electron-transporting layer 111 of the organic
EL elements of this invention are metal chelated oxinoid
compounds, including chelates of oxine itself (also com-
monly referred to as 8-quinolinol or 8-hydroxyquinoline).
Such compounds help to inject and transport electrons,
exhibit high levels of performance, and are readily fabri-
cated in the form of thin films. Exemplary oxinoid com-
pounds were listed previously.

[0105] Other electron-transporting materials include vari-
ous butadiene derivatives as disclosed in U.S. Pat. No.
4,356,429 and various heterocyclic optical brighteners as



